Acta Tecnologia - International Scientific Journal about Technologies
Volume: 9 2023 Issue: 2 Pages: 45-51 ISSN 2453-675X

Testing mesenchymal stem cells on biocompatible 3D scaffold
Darina Bacenkova, Jana Trebunova, Jana Demeterova, Tomas Balint

https://doi.org/10.22306/atec.v9i2.169 ReceivedAp2. 2023; Revised: 19 June 2023; Accepteditz 2023

Testing mesenchymal stem cells on biocompatible 3D scaffold

Darina Bacenkova
Technical University of KoSice, Faculty of Mechaadi&ngineering, Department of Biomedical Enginegand
Measurement, Letnd 9, 042 00 KoSice, Slovak Republi, darina.bacenkova@tuke.sk (correspondingoauth
Jana Trebunova
Gymnasium St. Thomas Aquinas, Zbreéjra 3, 040 01 KoSice, Slovak Republic, EU, janaurelva2005@gmail.com
Jana Demeterova
Technical University of KoSice, Faculty of Mechaadi&ngineering, Department of Biomedical Enginegand
Measurement, Letnd 9, 042 00 KoSice, Slovak RepuBll, jana.demeterova@tuke.sk
Tomas Balint
Technical University of KoSice, Faculty of Mechaadi&ngineering, Department of Biomedical Enginegand
Measurement, Letna 9, 042 00 KoSice, Slovak Republi, tomas.balint@tuke.sk

Keywords. 3D printing, scaffold, mesenchymal stem cells.

Abstract: The composite, thermoplastic material composgubhyfhydroxybutyrate (PHB) and polylactic acid (PLAas
seeded with stem cells in the experiment. Testhefpolymer were oriented towards biocompatibilityvitro using
mesenchymal stem cells isolated from the choriBRIB/PLA is a currently tested biopolymer for apations in and
medicine. Using additive technology, 3D forms adféalds in the form of a grid were prepared, whigdre seeded with
stem cells and cultivated in suitable conditionfteAan interval of 5 days, the proliferation anidbility of the
mesenchymal stem cells was tested by the proliferaest. From the results, it was found that thEBRPLA material
was a suitable scaffold and 60-85% stem cell \itgbivas observed. Testing of non-toxic and degrbdbimpolymers
brings new solutions in therapy in clinical orthdjeepractice.

1 Introduction permanent presence of stem cells in tissues cgnihel
The trend in the field of implantology and regetigen  tissue regeneration itself in therapy [1].
medicine in the last decade is the gradual replecemf MSCs differentiate along a specific lineage, thus

conventional metal implants with implants made ofeplacing damaged tissue and/or inducing tissuairéy
biodegradable, polymer, and more commercially abé! €ndogenous cells. In this way, MSCs offer the sty
materials. The reasons for this trend are econonfi Spontaneous reactions in the body and creatitoams
sustainability, the possibility of serial productio for the differentiation of healthy tissue ceIIsttmepIace;
affordability, and, last but not least, the impnment of damaged ones [2]. The placenta harbours a populafio
patient comfort. C|Ose|y related to this procesgh'e MSCs that have the pOtentlal to differentiate mwtlssue
continuous development of new materials, whicHYPe- _
however, must meet the required criteria beforadeiut When MSCs are applied to the heart muscle, they
into clinical practice. acquire the phenotype of cardiac myoblasts [3].s€he
Implantology and tissue engineering rely on severgharacteristics suggest that MSCs can be usedneesfob
specific criteria for the study. One of them is thd0olin reconstructive medicine [4]. MSCs transpéahinto
appropriate selection of the type of cells needezValuate bone and cartilage defects in combination with lymer
cytotoxicity and biocompatibility, i.e., evaluatiat the scaffold are able to differentiate into osteoblaats]
cellular level (required according to ISO 10993sb\(itro ~ cartilage and can repair damaged connective tifster
Cytotoxicity Tests). The decision on the sourceceifs [5-8]- _ _ o _
plays a key role in the design of a tissue enginger _Blomedlcal _and tissue engineering are Iookl_r)g for
Strategy for clinical app“cations_ The key conceno suitable materials for bone traﬂSplantatlon, Whlﬂ"ﬂ,
obtain a sufficient number of cells. The cells mhesiable combination with MSCs, can rapidly regenerate bone
to integrate into the scaffolds. The use of grofaittors damage. There is a large number of transplant date,
and critical signalling molecules that instruct tbells but an insufficient supply of tissues and orgarmmfr
during development is important for replicatiorelfsand human donors. Therefore, the aim of this study is a
the creation of new tissue. A specific type is mebgmal Preliminary evaluation of the biocompatibility and
stem cells (Mesenchymal Stem Cells). They are arttumg Cytotoxicity of mesenchymal stem cells on a polymer
most promising and common in the field of biomeHicascaffold.
engineering and regenerative medicine research. The
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1.1 Cdl culturesin vitro

The use of in vitro cell cultures has several athges
and it is possible to focus on different typeself cultures
in the experiment. Multiplication of experimentatligable
cell types is possible from a limited amount o$tis. On
the other hand, other physiological conditionstia tell
culture environment in a medium are a limitatianisla
multiple effect of oxygen pressure comparedrtovivo
conditions where the oxygen content is reducectutad

Procedures using a support carrier are referred the
literature as 'scaffold-based', while 3D bioprigtiof the
bioink itself (a biomaterial containing cells) wathi the use

of a support material is referred to as ‘'free-form
farbication'. By using classic 3D printing, it isgsible to
create a solid support made of biomaterial, on wbigls
are later placed, or it is possible to print a mbiom
polymer and cast a structure from a suitable bienedt
according to it. The mechanical strength of theemait

cells in anin vitro environment mimic the extracellular allows building a structure with a precise arctiiteg, but

fluid.

1.2 3D printing

Three-dimensional (3Dimensional) bioprintiisgthe
process of creating three-dimensional objects lecipe
deposition of cells, biomaterials and biomolecihespace.

The objects are created layer by layer according to

computer model, which allows checking the extearad
internal architecture and building complex strueturBy
precisely organizing different cell types and bitenals,
it is possible to create not only models suitabtestudying
cell interactions, but also functional, tissue-Igteuctures.

the organization of cells is limited in this modkl.order

to preserve the viability of the cells, softer,dagscous
materials are used for their printing, but thisaflected in

their poor mechanical strength. This procedure irequ
optimization of parameters, material and printingteate
a precise structure with preserved cell viability.

1.3 Mesenchymal stem cells isolated from fetal
membranes
The properties of mesenchymal stem cells (MSCs
isolated from the placenta, fetal membranes, and
extraembryonic tissues, are less explored than MSCs

The created objects can be simple shapes as wellisslated from bone marrow and fat. The developrottite
complex models with demanding spatial constructi®n. placenta and its coverings is started in the earlryonic
combining radiological imaging techniques (computedtage. This organ begins to develop within a feysddter

tomography, magnetic
technologies, it is also possible to create anataltyi
accurate models of organs with regard to a spquifiient.

The selected 3D model is processed from the Gla
using the software into a series of layers and edad into

G-code, which contains information for the prinédrout
the object creation process (Figure 1).

Figure 1 3D model in G-code

Procedures for printing 3D structures differ in tise
of the support for the organization of cells intstaucture.

resonance) and CAD/CAMertilization. The placenta has a multifunctionalerduring

pregnancy: nutritional, excretory, endocrine, and
immunomodulatory. The placenta is the source ofyman
hormones, growth factors and is a barrier aganfisttion.

Part of the placenta are fetal envelopes: amniath an
chorion. The amnion-chorion membrane encloses and
surrounds the human fetus. It is responsible fontaeing

and supporting the growth of the human fetus utth

and protects the fetus from infection [9-11].

2 Methodology
21 Preparation of materials, design of samples
and 3D printing

We performed modeling and subsequent 3D pgnti
using the following software products: We designed,
modeled and structured the samples in Fusion 360
(Materialise, Ghent, Belgium); We used BioplotteP R
(Envisiontec, Dearborn, MI, USA) and Visual Stroj
(Envisionec, Dearborn, MI, USA) to slice the sarsped
place them on the platform (Figure 2). After moaglthe
sample, we proceeded to format the sample to G-code
format, which is supported by a 3D printer. We thd
formatting of the sample in the Simplify 3D program
(Figure 3). The set print parameters are in Table 1
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Table 1 3D printing settings

Infill 50%
Nozzle 0,4mm
Printing temperatu 175°C
Plate temperatu 80°C
Filament diamete 1,75mn
Material feeding speed 25mm/s
Offset -2,2mm

Before 3D printing, we put each type of mixed miater
in the form of granules weighing approximately 10p

Figure 2 PLA/PHB sample design

hydrophilic properties of the PHB component [10-28F
designed both types of samples, porous and salid, i
cylindrical shape with a diameter of 6 mm and ahteof
2 mm. The layer thickness represented 80% of tkeleo
diameter (600 um), i.e. 480 pm. In both types ofdas,
the individual layers were rotated by 90° with exdfo the
lower layer. The distance between the centers ef th
individual fibers that formed the internal fillingsas 1.2
mm in the porous samples. In the 3D bioplotter
EnvisionTEC (EnvisionTEC, Dearborn, MI, USA) we
used the EBB (Extrusion-Based Bioprinting) prinejgle.
the material is pneumatically pushed out by thetgead.
The printing itself took place on a Trilab Deltiq 2
printer. This printer is based on the principlé-6f (Fused
Filament Fabrication). The filament produced atTh&E
Department of Biomedical Engineering and Measurémen
was used as input material. This material, based on

a Radwag MA50/1 moisture analyzer (RADWAG, Rador, LA/PHB, is biodegradable and biocompatible.

Poland) where they were dried for 60 minutes &C80

Drying was aimed at removing excess water molecul

The process of printing one sample took 120 seconds
ddis printer uses a heated nozzle and a heatedvipiac

from the material. We performed drying due to th&oling system.
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strainer with a pore size of 40n (BD, Falcon, USA). We
cultured isolated cells in vitro in culture medibimimum
essential medium, alpha modification (alpha MEM)
(Invitrogen, Thermo Fisher, Scientific, USA) witl0%
fetal bovine serum (FBS) (Invitrogen, Thermo Fisher
Scientific, USA) with antibiotics 100 IU penicillimL,
100 pg streptomycin/mL and 0.25 pg amphotericinlB/m
(Lonza, USA) in a 5% C©atmosphere at 37°C. Cell
growth was monitored microscopically (Zeiss Axidver
200, Zeiss, Germany). Cells that did not adher¢ho
surface of the culture bottle after 24 hours weraaved
by replacing part of the culture medium (2 ml). We
changed the culture medium three times a week. We
cultured the cells until reaching 80% confluencsirayle
cell layer. Passage, cell separation was perforaftst
reaching cell confluence. We added 4 ml of try&DiT A
(Invitrogen, Thermo Fisher, Scientific, USA) to thdture
bottle, which we left to act for 1-2 minutes at @7We
Figure 3 Interface of the Simplif program envirommne monitored the gradual release of adhered cells
microscopically.

2.2 Determination of cytotoxicity  and

biocompatibility 2.4  Cell survival on PLA/PHB biomaterials

The proliferation of MSCs was measured using a We used MSCs to monitor cell survival on PLIAB
standard MTT colorimetric assay. Cell suspensionsiomaterials. We added 100,000 MSCs cells pertaete
containing 15 x 103 viable cells were cultured @v@ell  piomaterials in the test culture plate. We cultutesicells
tissue culture plates in a final volume of 20th duplicate.  jn combination with PLA/PHB in culture medium DMEM
A plate of cells on PLA/PHB scaffolds was treatedaa ijth 10% FBS with antibiotics 100 1U penicillin/mLL00
sample, and a plate of cells without a PLA/PHB fetdf g streptomycin/mL and 0.25 pg amphotericin B/mL at
was treated as a control. A pure PLA/PHB scaffelded 37°C in a 5% C@incubator. As a control, we used MSCs
as a negative control. We measured the sampletjieosi cells cultured in a culture plate without the prese of
and negative control in parallel. We performed fin&  pjomaterial. After 5 days of culture, 0.5% gentidalet
experiment approximately 24 hours after deployméné  (Thermo Fisher Scientific) was added to each wedl eell

optical density of each well was measured at 490man  staining was observed and MTT assay was performed.
TriStar device LB 941. We used the obtained vahoes

calculate the percentage of metabolic activity carepto 3  Regylts

controls. Cells were stained with trypan blue. e¥ere 5 1 | oy 4ion and in vitro cultivation of chorionic

counted in a Burker counting chamber under the ligla MSC

mic(;oscope.hWe evz;luatt)'edh dark Ilalue cells als degzi - W The mainS goal of the experimental work wastmitor

made growth curves for both samples. We evaluate@# . - X

on PLA/PHB scaffolds. The whole experiment last@d 1and test the blqc?mpat:jble_progﬁﬂrg%s Of”themmijm

days. We observed proliferation on the first, fifinth and  COMPOSIte material tested using S CEllS. K,
we started from the isolation of mesenchymal stefts,c

twelfth days. followed by MSC cultivation and biocompatibilitysting
of the polymeric material. We isolated a populatmn
MSCs from the fetal membrane, its part of the ahori
(Figure 4). We observed the adhesion of isolatedCMS
ells within 48 hours after isolation in vitro culture of
Cs in DMEM culture medium with bovine fetal serum

2.3 Cultivation of mesenchymal stem cellsin vitro
Chorionic mesenchymal stromal cells (CMSCsjewe

isolated and cultureth vitro from part of the chorionic

fetal membrane from term placenta. We processed t

biological tissue in the sterile environment of BeR box. and antibiotics. At the first exchange of the oty

A part of the chorion measuring 15 x 15 cm was wdsh i d dh h - I
Dulbecco's modified eagle medium (DMEM) (Biochromme lum, we removed non-adnerent hematopoietic, celis
AG, Berlin, Germany) with antibioics 100 IU erythrocytes and damaged cells. After a week of BISC

penicillin/mL, 100 pg streptomycin/mL and 0.25 ugculture, we observed the growth of fibroblastids;elvith

. - “a characteristic elongated shape (Figure 5). Aétaching
a‘;‘ghooggi'génd Ba/frtnel; (el;(%nozsi’rg?gg I)“r.’li:Bteeg)eltlostuhS;);:SZI a complete cell layer, we separated the MSCs by
, . . trypsinization and used the suspension for the
collagenase Il with (1 mg/ml) (Invitrogen, Thermistier, biocompatibility test
Scientific, USA) at 37°C. We obtained a suspensibn '
cells from the digested tissue after filtering thgh a cell
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surface. PLA/PHB scaffolds with seeded MSCs/fh]
were cultured on a plate in alpha MEM medium wig§4l
fetal bovine serum and 1% antibiotics (Penicillin-
Streptomycin-Amphotericin B). Inin vitro culture, we
cultured MSCs for 5 days and then stained for thegnce
of vital cells with 0.5% gentian violet. We obseuvihe
proliferation of MSCs cells on PLA/PHB materials.this
work, we confirmed the properties of PLA/PHB as a
biologically biocompatible matrix suitable for tadhesion
and proliferation of human celldn vitro, MSCs adhered
to the 3D matrix and retained the ability to prelite
(Figure 6).

Figure 6 left: PHB/PLA seeded with CMSC, day bufure,
right: PHB/PLA seeded with CMSC, gentian violetrstay,
day 5 of culture

The cytotoxic effect of the scaffold was evalualsd
the MTT test and visually microscopically. We were
observing the ability of the cells to adhere byshape of
the cells compared to the control and any changhen
morphology of the cells. At 24 hours after seeding,
observed cell adherence on a transparent plat@4eell
culture plate in contact with a visible opaque fdf
During 12 days, we observed visual proliferationtlie
3 { monitored group (both solid and porous samples)lsCe
Figure 5 (A) Mesenchymal stem cells in vitro, daf tulture. ~ Were morphologically typically spindle-shaped inl al
Suspension of non-adherent cells (B) 5th day wmﬂ (D) Day m0n|t0red We||S and were V|Sua”y Compared to mﬂntl’
9 of culture. Day 12 of culture (C), Adherence &®4 present CMSCs without the presence of a scaffold. The peacg

(magnification 200x) degree of compatibility and minimal cytotoxicityfedt of
PLA/PHB scaffolds were observed by MTT test.

We monitored the survival of mesenchymal stem celBroliferation and longevity of cells were visually
during their growth on PLA/PHB-based biomateridfs. confirmed in all samples. The percentage valuethef
vitro, we tested the biocompatibility of the maté¢ibased individual groups ranged from 60% to 85%, while the
on the PLA/PHB polymer. We used mesenchymal stepercentage of service life was higher in the grofymorous
cells, which are capable of adhering to a suitaidéerial. samples.

MSCs are morphologically characterized by a fibasht,

elongated shape and adherence to a plastic sultetey 4 Discussion and conclusion

in vitro culture. We monitored the ab|l|ty of MSCs to 3D printing and the associated optimization of
survive in the presence of PLA/PHB-based biomatebi  scaffolds from variable biocompatible materialsai&ey
culturing them on a plate. 100,000 cells per wedrav issye in medical bioengineering. The current chatieof
seeded on the PLA/PHB biomaterial. Immediatelyraftgjssye engineering is therefore the testing of &ipadable
seeding MSCs on individual PLA/PHB biomaterials, Wenaterial suitable for the production of implantso T
observed a typical round shape of the cells insitlethat  jmprove the properties of PLA with other polymettey
should be sufficient to populate the biomaterials. use biopolymers with similar ones, where meltininpo

The advantage of using MSCs is their proliferatiogjegree of crystallinity and morphology are monitbror
potentlal and ablllty to differentiate. We washbd tested the final and improved structure and properties of

PLA/PHB scaffolds with DMEM medium and coated thenpolymers, it is possible to create their PHB/PLAcie.
with a layer of collagen to create an optimal adher
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BALOGOVA, A., GASPAROVA, P., ZI\CAK, J.:
Interaction between Mesenchymal Stem Cells and the
Immune System in  Rheumatoid Arthritis,

The disadvantage of PHB is poor formability and
workability, therefore its mixture with PLA is a gsible
solution. Effective mixing of two polymers requirdeir
mutual affinity, which is based on the solubiligrpmeters Pharmaceuticalsyol. 15, No. 8, pp. 1-21, 2022.
of the mixture components. PLA and PHB polymersehav  https://doi.org/10.3390/ph15080941
a similar melting point, which is a requirement whe [6] LIU, Y., CHEN, F., LIU, W., CUI, L., SHANG, Q.,
mixing materials. According to the authors of Ataett al., XIA, W., WANG, J., CUIl, Y., YANG, G, LIU, D,
PLA and PHB have values in the range of mutual WU., J, XU, R.,, BUONOCORE, S.D., CAO, Y.
miscibility [14]. Actual miscibility depends on messing Repairing large porcine full-thickness defects of
temperature as well as molecular weights. articular cartilage using autologous chondrocyte-
In the experimental work, the topic of assessirgy th engineered cartilag&jssue Engineering/ol. 8, No. 4,

biocompatibility of the PHB/PLA matrix printed bye
process of additive 3D printing, which is toleratadhe

pp. 709-721, 2002.
https://doi.org/10.1089/107632702760240616

biological environment, was addressed. The cormtusi [7] WAKITANI, S., IMOTO, K., YAMAMOTO, T.,

follows that the used biomaterial is able to previh

environment for the adherence and proliferation of
mesenchymal stem cells. The proposed biocompaiible

scaffold in combination with stem cells could bedisn
clinical practice in the future.
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